Background: Despite recent achievements in health targets, Ethiopia still faces challenges in health service delivery. Between 2012 and 2015, a non-governmental organisation (NGO), Doctors with Africa CUAMM, implemented a multifaceted project aimed at improving access to maternal and child health services in three districts in Ethiopia. This paper evaluates the performance of this project, based on four maternal health indicators. Methods: A before-and-after study utilising data collected through cross-sectional surveys involving 999 women was conducted. The date of delivery was used to stratify the intervention period as follows: pre-intervention, early intervention, and late intervention. Changes during the intervention in the coverage of four antenatal care (ANC) visits, receipt of three basic components of ANC, skilled birth attendant (SBA) at delivery, and postnatal care (PNC) in seven days were assessed using logistic regression, adjusting for socio-demographic factors. Results: There was an increase in the coverage of receipt of all three ANC components and SBA at delivery between the pre-intervention period and the late intervention period. The percent of health centre deliveries increased from 7.3 % in the pre-intervention period to 35.6 % in the late intervention period. The odds of receiving all three components of ANC were twice higher in the late intervention period than in the pre-intervention period (OR 2.09; 95 % CI 1.12-3.89). The odds of SBA at delivery were five times higher in the late intervention period than in the pre-intervention period (OR 5.04; 95 % CI 2.53-10.06). There was no significant change in the coverage of four ANC visits and PNC after accounting for sociodemographic factors. Conclusions: This NGO implemented maternal health project in three districts in Ethiopia was associated with increased likelihood that a pregnant woman would receive three basic components of ANC and be assisted by a SBA at delivery. Increase in skilled birth attendance was driven by increased utilisation of health centres. More efforts are needed to bolster the coverage of ANC and PNC.
Background
Maternal mortality ratio (per 100,000 live births) is estimated to have significantly declined in Ethiopia, from 1,250 in 1990 to 353 in 2015 (a 72 % drop); just shy of achieving the Millennium Development Goal (MGD) 5 target of 75 % reduction [1] . Ethiopia has also made remarkable achievements in reducing child mortality; the country achieved its MDG 4 target of reducing child deaths by two thirds between 1990 and 2015 [2] . Despite these achievements, the number of maternal deaths in Ethiopia is still high; the country is one of the ten countries that contribute to 59 % of global maternal deaths [1] . Ethiopia also has a disproportionately high number of neonatal deaths; 43 % of the under-5 deaths are neonatal deaths [3] .
The high maternal and neonatal mortality reflect poor coverage of maternal and neonatal health care services, poor quality of care provided in health facilities, and inequity in access to health services. Coverage of the recommended minimum four antenatal care (ANC) visits increased from 19 % in the 2011 Demographic and Health Survey (DHS) to 32 % in the 2014 DHS survey, and that of skilled birth attendant (SBA) at delivery correspondingly increased from 10 to 16 % [4, 5] . Ethiopia is one of the six countries where more than half of the mothers and children in the poorest 20 % of the population receive two or fewer of eight essential interventions for preventing maternal and child deaths [3] . The reasons behind the high maternal and neonatal mortality in Ethiopia have been explained using the "three delays" model [6] .
Various health system constraints affect maternal health service delivery in Ethiopia. These include inadequate basic health infrastructure, shortage of skilled staff, weak referral systems, limited availability of equipment, limited financing for services, weak management, poor staff motivation, and weaknesses in implementation of government programs [7, 8] . The density of doctors, nurses and midwives per 10,000 population in the country was 6.3 in 2012/2013 [9] ; way below the 23 recommended by WHO [10] , and the per capita total expenditure on health was 44 US$ in 2012 [3] . A substantial amount of healthcare funding comes from donors; in 2011, Ethiopia received the second highest share (6.1 %) of the total official development assistance for maternal, neonatal and child health [3] .
Doctors with Africa CUAMM (http://www.mediciconlafrica.org/), hereafter referred to as CUAMM, is an Italian non-governmental organisation (NGO) that has been supporting health service management and delivery in Ethiopia since 1984. CUAMM's current strategy is based on the continuum of care approach [11] . Between 2012 and 2015, CUAMM implemented a multifaceted maternal and child health project in three districts (so called woredas) in South West Shoa Zone, Oromia region. The project aimed to improve access to maternal and child health services through tackling demand and supply side barriers to service access; focusing mainly on health centres (HCs) and the community. Key determinants of maternal health service access and utilisation in the districts include distance to health facilities, attitude towards maternal health care, knowledge of maternal health, perceived quality of maternal health services, involvement of the family members in decision making on delivery place, and birth preparedness [12] . Additionally, there is stack inequity in utilisation of maternal health services in the districts by wealth status and urban/rural residence [12, 13] .
This study aimed to evaluate the effect of this project on access to essential maternal and neonatal healthcare services including ANC, delivery by a skilled provider and postnatal care (PNC).
Methods

Setting
The project was implemented in Wolisso, Goro and Wonchi districts of South West Shoa Zone, Oromia region in central Ethiopia. The districts are located about 115 km south-west of Addis Ababa, the capital of Ethiopia. The three districts had a combined population of about 398,000 inhabitants in 2014 and are served by one hospital (St. Luke Catholic Hospital), which also acts as a zonal referral hospital, 18 HCs and 89 health posts (HPs). The hospital is a private non-profit facility and hence had a system of user fees before the project began. In Ethiopia, maternity services are usually provided at hospitals and HCs. HCs, which are designed to serve a catchment population of 25,000 people, are expected to provide a full range of routine maternal health services plus emergency obstetric care services except blood transfusion and caesarean section, which can only be provided at hospital level [14] . HPs are run by salaried health extension workers (HEWs) who are mainly female community members with high school-level education and have been trained for one year to provide preventive, promotive and selective curative health services. HEWs increase the knowledge and skills of communities to deal with preventable diseases and to utilise health services provided at HCs and hospitals, and also provide care to women during pregnancy, childbirth and postnatal periods either in HPs or in households [14] [15] [16] . Thus, they spend about 75 % of their time conducting outreach activities and the rest at HPs. All the HCs and HPs in the study area are government owned and provide maternal health services free-of-charge as per the national policy.
Description of the project
The project was embedded in the health system of the districts, and during its course, the following activities were conducted to improve maternal and neonatal health care: HEWs were then supervised using a standard checklist by trained supervisors based at HCs. 7. The referral system was strengthened through provision of free-of-charge ambulance service, provision of communication equipment at HCs, and training of staff on referral protocols. The ambulance was based at the hospital and was used to transfer pregnant women from villages to HCs and, if required, from the HCs to the hospital. The ambulance could be accessed by calling either the phone number specifically designated for the ambulance, or the hospital. Details about the ambulance service and the referral system are available elsewhere [17] . 8. All user fees including fees for management of obstetric and neonatal complications and caesarean section at the hospital were removed. 9. Community sensitization activities were conducted through strengthening village (kebele) command posts which comprise of HEWs and village level leaders. The aim was to increase demand for maternal, neonatal and child health services in the villages. Other sensitization activities included radio broadcasts about available freeof-charge services, and distribution of maternal health information, education and communication materials.
A detailed work plan guided the implementation of the project. Monitoring of the project was conducted jointly by CUAMM and local partners (zonal and district health authorities) through quarterly review meetings, quarterly activity and financial reports, planned field visits and supportive supervision.
Design and study population
This study utilised before-and-after intervention design based on data collected through two cross-sectional surveys. The study population consisted of women of reproductive age who delivered within two years preceding each survey, in the study districts.
Data collection
Data were collected through household surveys conducted in February 2013 and March 2015. The surveys utilised similar methods and tools (questionnaires). The questionnaires were adapted from the UNICEF's Multiple Cluster Indicator Survey questionnaires and JHPIEGO's tools for monitoring birth preparedness and complication readiness [18] , and were pretested and translated into Oromo language. During each survey, women who delivered within two years preceding each survey were asked questions related to care during pregnancy, delivery and after delivery of the youngest child. Data were also collected on household and socio-demographic characteristics, birth preparedness, knowledge of pregnancy related danger signs, perceptions towards maternal health care and perceived quality of care. The surveys utilised multistage sampling using a modified Expanded Program for Immunisation's random walk method [19] to select study subjects. The first stage involved selection of villages and the second stage involved selection of eligible women in the selected village. Details of the sampling method are available elsewhere [12] .
Sample size
The first survey collected data from a sample of 500 women estimated assuming institutional delivery coverage of 20 %, an absolute precision of 0.05, and a Z score value of 1.96 for 95 % confidence interval and a design effect of 2. Due to limited resources, the second survey included a similar number of women. This evaluation was sufficiently powered (>95 %) to detect significant differences at 5 % alpha level between the preintervention period and the late intervention period for all the outcomes except for PNC as shown in the Additional file 1.
Definition of intervention periods
Each survey had a reference period of preceding two years ( Fig. 1) . This implies that the reference period of the surveys was the entire duration of the project plus a period of 14 months before the start. Although the project began in April 2012, the first four months were spent on preparatory activities such as hiring of staffs and procurement of supplies, and so the actual intervention period began in August 2012. For the purpose of this evaluation, we have defined the intervention period (the exposure variable) based on the month and year that the woman delivered into three periods i.e. pre-intervention period (February 2011 to July 2012), early intervention period (August 2012 to December 2013) and late intervention period (January 2014 to March 2015).
Outcome variables
We based this evaluation on four outcomes: 1) Attendance of at least four visits of ANC provided by a health professional or a health extension worker; 2) receipt of all three basic services during antenatal care: blood pressure measurement, blood sample taken, urine sample taken; 3) delivery assisted by a skilled birth attendant (SBA) i.e. a doctor, a nurse, a midwife, or a health officer; and 4) receipt of PNC within seven days of delivery by a health professional or a health extension worker.
Other variables
The surveys collected data on district, urban/rural residence, woman's age; parity; education level; marital status; ethnicity; and religion, index child's age in months, partner's education, and distance to the nearest health facility with maternity services. Data were also collected on attitude towards maternal health care, perceived quality of maternal health care at nearest health facility, knowledge of pregnancy danger signs, and birth preparedness. These later four variables were considered to be intermediate outcomes. We derived wealth index through factor analysis of household assets, housing material, and access to water and sanitation services. We used the first of the factor scores to represent the wealth index [20] . We derived maternal health attitude score using factor analysis of eight Likert scale questions that explored perceptions of women towards birth preparedness; male involvement in maternal health; and barriers to institutional childbirth as described elsewhere [12, 18] .
Statistical analysis
We analysed data in Stata version 12 using survey commands to account for the complex sampling design. We assessed the sociodemographic characteristics of women across the intervention periods using descriptive statistics and design based F tests. We cross tabulated the intermediate outcome variables namely: knowledge of pregnancy danger signs, attitude towards maternal health, perceived quality of care, attendance of any ANC and birth preparedness against the intervention periods and assessed linear trends across the periods.
To assess the effect of the intervention on each outcome variable, we used logistic regression models to obtain odds ratios (ORs) and 95 % confidence intervals (CIs). The ORs were adjusted for woman's age, place of residence, wealth index tertile, parity, partner's education, woman's education and religion. We used the pre-intervention period as the reference category in all analyses. We explored for linear effects by entering, in the models, the intervention period as a continuous variable.
Results
Characteristics of women
A total of 999 women were surveyed. Women who delivered before and during the intervention periods were similar in terms of their sociodemographic characteristics as shown in Table 1 . Table 2 shows the distribution of participants in the pre-and during intervention periods according to intermediate outcomes. The percentage of women who could mention at least three danger signs of pregnancy increased from 21.6 % in the preintervention period to 38.6 % in the late intervention period but overall, there was no significant association between the intervention and the number of danger signs mentioned. The proportion of women with better perception about the quality of maternal health services and with higher maternal health attitude score significantly increased during the intervention period (each, P < 0.001). There was also a significant increase in the proportion of women taking specific actions to prepare for the birth of the baby. Changes in outcomes Figure 2 shows trends in the coverage of at least four ANC visits and receipt of all three basic components of ANC (a), place of delivery (b) delivery by SBA (c) and PNC attendance (d). Overall, the figure suggests that over time, there was an increase in coverage of four ANC visits; receipt of ANC components; and delivery by SBA, but no change in PNC coverage. The greatest increase was in the coverage of delivery by SBA. The figure (part b) also shows that increased coverage of delivery by SBA was driven by increased delivery in HCs and not at the hospital where the proportion of deliveries remained virtually constant. The proportion of deliveries at HCs rose from 7.3 % in the pre-intervention period to 35.6 % in the late intervention period (p < 0.001, data not shown). Results in Table 3 show that after adjusting for sociodemographic factors, there was a linear increase in the coverage of receipt of all three ANC components and delivery by a SBA from the pre-intervention period to the late intervention period. The odds of receiving all three components of ANC were twice higher in the late intervention period than in the pre-intervention period (OR 2.09; 95 % CI 1.12-3.89). Women in the late intervention period had a five-fold increase in the odds of SBA at delivery than those who delivered during the pre-intervention period (OR 5.04; 95 % CI 2.53-10.06). After accounting for sociodemographic factors, there was no significant change in the coverage of at least four ANC visits and PNC.
Discussion
This study evaluated a multifaceted maternal and child health project implemented by a non-governmental organisation. The results suggest that the project was associated with increased coverage of receipt of all three basic components of ANC and SBA at delivery, but not with four ANC visits and PNC. The effect on SBA at *The list included: identify transport, save money, identify blood donor, decide delivery place and identify skilled provider delivery and receipt of three basic components of ANC was probably partly mediated through better perception towards the quality of maternity care provided in health facilities, improved attitude towards maternal health and improved birth preparedness (for SBA at delivery).
Coverage of SBA at delivery was driven by increased utilisation of HCs which before the intervention were largely underutilised; attending to only 7 % of total deliveries despite their large number. Receipt of three basic components of ANC can be taken as a proxy measurement of the quality of ANC, thus the improvement in this indicator suggests that the project improved access to quality ANC. The project was biased towards strengthening HCs to provide maternal and child health care services. This is because the hospital was already being well utilised. A recent study has shown that although there is inequity in access to maternal health services in the intervention area, women utilising HCs were more likely to be poorer (and rural residents) than those utilising the zonal hospital [21] . For most women, HCs were the nearest facilities for accessing childbirth services, however, before the start of the project, these facilities were being grossly underutilised partly because of being perceived to be providing poor quality of care [12] . Over the course of the project, the percent of women who perceived that the quality of care at the nearest health facility was good more than doubled to 35 %. Thus, the results of this evaluation suggest that strengthening HCs to provide delivery services could be one of the effective ways of scaling up coverage of SBA at delivery; in line with the principles of primary health care [22] .
The WHO recommends that pregnant women should attend a minimum of four ANC visits to allow for appropriate delivery of a complete package of ANC services [23] . Although the coverage of four ANC visits increased from 44.8 % before the project to 59.2 % later in the project, this increase was not significant after accounting for socio-demographic factors. This observation was unexpected given that it is easier to improve the coverage of services such as ANC and PNC that can be offered through outreaches than those, such as childbirth care, that are offered only in fixed health facilities [24] . Given that a steeper increase in ANC coverage seems to have occurred in the later months of the project, it could be that in the initial stages, more time and effort was spent on increasing childbirth in HCs through improving infrastructure, providing equipment and training health staff than on providing preventive services at HPs and in the community.
There is a big challenge in providing PNC in Ethiopia. In the 2011 DHS, only 50 % of women who delivered in health facilities received PNC within the first two days [5] . It is unclear why the coverage of PNC attendance did not change in the course of the project. In the study districts, women with uncomplicated deliveries are usually discharged after six hours, and they may not return within a few days to the health facility due to barriers, such as distance, that affect access to health services. Different strategies for PNC with varying challenges to mothers and providers exist [25] . To improve PNC coverage, in 2012, the Ethiopian Government adopted a mixture of facilitybased and community-based PNC strategy, leveraging the efforts of HEWs. HEWs are required to visit the mother and the baby within 48 h after birth [26] . Despite this, a survey conducted in 2014 showed that only 0.8 % of women in Oromia received PNC within two days by a HEW [4] . In our study, only 1.4 % of the 999 women surveyed received PNC within seven days by a HEW. Thus, there is still a huge potential to increase PNC coverage through HEWs. Lack of improvement in PNC coverage could also be because the project may have placed more emphasis on intrapartum care, including provision of emergency obstetrics care at HCs, than on PNC. A community based intervention project that involved family meetings and labour and birth notification to a HEW led to 3-to 10-fold increases in PNC coverage over a 2-year period in rural Ethiopia [27] . Such an approach could be piloted in the study districts.
Some researchers have used coverage of SBA at delivery to classify health systems in Africa as follows: low health system context where SBA at delivery is less than 30 %; middle health system context where SBA at delivery is 30-60 %; and high health system context where SBA at delivery is >60 % [24] . Based on this classification, it can be argued that the project strengthened the health system to provide maternal and neonatal health services, but a lot still needs to be done to ensure continued progress and sustainability. Sustainability of donor funded projects is always of concern to the government, donors, implementing agencies and project beneficiaries. In this study, the sustainability of removal of user fees at hospital, which is private-notfor-profit, may be of concern. Nonetheless, even before the present project, user fees at the hospital were highly subsidized because the hospital was getting financial support from the government under a publicprivate partnership (PPP) framework [13] . CUAMM and the hospital will have to continue to negotiate with the Ministry of Health to ensure continuity of the PPP and its expansion to cover all maternal neonatal and child health services. The project started off with higher baseline coverage indicators than the national averages probably because CUAMM had been supporting health service delivery in the districts for a while. For instance, the NGO had been supporting the running of the zonal referral hospital since the year 2001 [28] . In addition, for PNC, the higher coverage could be because we defined this indicator broadly (i.e. care within seven days of birth). The high coverage of SBA at delivery but low coverage of PNC implies gaps and/or missed opportunities in the continuum of care [29] . The findings highlight the need to investigate further why women deliver assisted by SBA but don't receive PNC. The aim should be to mitigate missed opportunities and improve access to health care because most neonatal deaths occur during the postnatal period [30] , and failure to provide high quality PNC to neonates can hamper efforts to reduce neonatal mortality.
This study has some limitations. The use of a historical control group did not allow us to adjust for secular trends in service use. Although we adjusted for sociodemographic factors that might affect health service utilisation independent of any intervention, Ethiopia has been experiencing a general nationwide increase in the coverage of maternal health services. For instance, at national level SBA at delivery increased from 10 % in 2011 to 16 % in 2014 [3, 4] . In our study, coverage of SBA at delivery more than doubled in a shorter time despite starting off at a higher baseline, which suggests that the project played a role in this. This study focused on coverage, yet coverage alone cannot reduce maternal and neonatal deaths if the quality of care provided is poor and women in the poorer strata are excluded. A study conducted at the hospital found that the quality of maternal health care at this facility was good [21] , but little is known about the quality of care at HCs especially with regard to intrapartum and postpartum care. We defined PNC as care within seven days after childbirth; this is different from the international definition of PNC as care within two days. Data on PNC within two days were inadvertently not collected in the second survey. Thus, this indicator should be interpreted cautiously especially when making comparisons. Future evaluation should focus on a detailed evaluation of the quality of care at HCs given their increasing importance in service delivery as it emerged in this study. Because some of the questions asked during the interviews required women to recall events that occurred up to the past two years, our estimates may have been affected by recall bias. Finally, because this was a multifaceted project, we cannot associate any outcome with any particular component of the intervention.
